This study investigated and analyzed the relationship between medical resources and economic conditions of OECD member countries and extracted factors for introducing imaging diagnostic equipment in each country. We also investigated the possibility of introducing diagnostic imaging equipment.
Introduction
The global market for medical equipment has maintained a growth rate of about 8% due to an expanding demand for medical treatment in developing nations as well as aging trends in developed nations. Fig. 1 shows a forecast for the medical equipment global market. Market scale was some $194.9 billion in 2007, and this was forecasted to grow to about $434. 4 
billion by
Looking at the current market size for medical equipment on a global basis, about 80% of the market is occupied by developed nations, but there are expectations for market growth in developing nations. Such expansion is important for further development of the medical device field as well as improvement of the global medical level.
Based on this, it is possible that the medical equipment industry, which will grow and develop further in the future, will be well-received overseas. This study investigated and analyzed the relationship between medical resources and economic conditions of OECD member countries and extracted factors for introducing imaging diagnostic equipment in each country. We also investigated the possibility for introducing image diagnostic equipment and tried to visualize the results.
Methodology

Target Nations
Among the publicly available medical device market data of the world, the largest database is the OECD database. Therefore, we used the OECD database in this study. Target nations were the 29 nations for which data was obtained among the 34 OECD member countries. Below is a list of target nations in descending order by 2016 medical device market projection [11] . In the past investigation-since the report is made by comparison after 5 years-we used the 2011 data in this research as well.
Research Indices
Research indices were categorized into medical environment and economic situation indices as shown below [12] [13] .
Analytical Methodology
A principal component analysis was conducted from medical environment indices and economic situation indices; the results were visualized on a graph with the extracted two principal components as axes. The target nations were categorized by the possibility of introducing diagnostic imaging equipment. Next, with the number of CTs and MRIs as response variables, we visualized the probability results on a graph by conducting a multiple regression analysis with other medical environment indices and economic situation indices as explanatory variables, along with extracting the most influential factors on the number of diagnostic imaging equipment introduced. In this research, we used the statistical software JMP Pro (version 12.2.0) for the statistical analysis.
Results
Principal Component Analysis Results
Principal component analysis results are shown in Table 3 .
All primary principal component coefficients from Table 3 are positive and greatly influence the medical environment indices of MRI and CT counts and all economic situation indices. This primary principal component was therefore defined as "maturity of economic situation and medical environment." For secondary principal components, economic situation index coefficients were negative, and those for the medical environment market were positive. From these results, we defined secondary principal components as "medical device market growth potential" so that the higher the number of MRIs, CTs, and hospital beds in a country, the lower future market growth could be interpreted. From Fig. 2 , we can interpret that the higher we go along the vertical axis, the higher the possibility of growth in the medical equipment market, and the lower we go along the axis, the lower the possibility. As for the horizontal axis, we can interpret that the maturity of the economic situation and medical environment increases as one moves to the right and decreases as one moves to the opposite direction.
Based on the principal component analysis, Table 4 shows the results classified into four groups. In addition, Table 5 shows a comparison of the average values of groups in each item.
Comparing the B Group (high economic situation and medical environment maturity and low potential for medical device market growth) with the A Group (high level of economic situation and medical environment maturity as well as growth potential for the medical device market), while the medical environment is substantial with a high unit count of MRIs and CTs, GDP and medical device market forecasts are lower for Group B than for Group A. This point is thought to be a factor behind the low medical device market growth potential.
Compared to the A Group, the C Group (low economic situation and medical environment maturity and high potential for medical device market growth) is inferior in all economic situations and medical environment indices. This is the same even compared to the B Group.
Compared to the D Group, the A Group (both economic situation and medical environment maturity as well as potential for medical device market growth are high) is superior in terms of the number of physicians and hospital beds, but all other items are lower. Compared to the B Group, the D Group is inferior in all items. Compared to the C Group, the D Group is superior in all medical environment indices but lower in all economic situation indices.
While the C Group is classified as having high medical device market growth potential, to determine the reason behind this, we will consider the difference between the B Group and C Group. Results of the principal component analysis show that the B Group has high economic situation and medical environment maturity and low medical device market growth potential while the C Group has low economic situation and medical environment maturity and high medical device market growth potential. Comparing only the average values for each item, however, the C Group is lower than the B Group in every item.
Multiple Regression Analysis Results
The results of a multiple regression analysis with CT and MRI unit counts as response variables and other medical environment indices and economic situation indices as dependent variables are shown below.
The results of the multiple regression analysis clarified that the most influential factor behind CT and MRI unit counts is the number of hospital beds. Since increasing the number of beds will raise the CT and MRI unit count, from these results, it is thought that the lower the number of hospital beds in a country and the more they are forecasted to increase in the future, the higher the possibility of introducing this equipment. Table 7 shows in ascending order the countries with few hospital beds in Groups A and C, which the principal component analysis forecasts as having a high possibility of introducing these machines. [13] . Comparing GDP growth rates over the past three years, A, C, and D Groups have rates over 2% while B Group falls below 2%. Due to these analyses, since B Group is classified as having high economic situation and medical environment maturity and low medical device market growth potential in the principal component analysis results compared to the other groups, it is thought that economic growth has slowed.
Discussion
Principal Component Analysis Results
Fig. 3 below shows the trends of GDP growth rates
The above results forecast that the countries with a high probability of introducing medical equipment are the A and C Groups.
Multiple Regression Analysis
Eun-Hwan et al. report that medical expenses per population and flexible payment methods are affecting the spread of CT and MRI. However, this report did not incorporate the number of beds as a variable of multiple regression analysis. Therefore, we think that the results differed from this research. Lazaro et al. report that healthcare expenditure is involved in the spread of CT, MRI, and radiotherapy devices. However, this study did not incorporate the bed number as a variable [14] . From these results, this study suggested that in countries with a high possibility of introducing CT and MRI in OECD countries, bed number-rather than medical expenses-may have influence. 
Issues in this Study
The below five points and issues should be considered in this study.
(1) Investigation of Non-OECD Countries
This study focused its analysis on OECD countries due to the circumstances of data collection.
Considering economic growth, however, reporting on the possibility of introducing medical equipment in China, ASEAN nations, Middle Eastern nations, and African nations would provide useful information as indicators to prepare medical infrastructure in these countries.
In 2013, the medical device market in China stood at US$16 billion, the fourth largest after the United States, Japan, and Germany. It will become the second largest in the world by 2019 at US$38 billion [15] . Medical system reform is underway in China, and the Chinese are proceeding with preparing systems for medical equipment. One should also pay attention to moves to produce medical equipment domestically, as about 70% of this market in China consists of foreign-branded products. To strengthen the competitiveness of its medical equipment industry, China is therefore promoting development of local diagnostic imaging equipment and other industries, which will increase the rate of introduction of medical equipment within China as well as the amount of exports to other countries. The global expansion of the medical device market will therefore continue. As a future study topic, it will be necessary to collect and analyze data from these countries. When introducing large-scale equipment such as CTs and MRIs, it is necessary to research the global spread of medical tourism. This is a growing industry, and Asia, America, Africa, and Eastern Europe offer medical services to one million medical tourists each year [16] . Of these nations, medical tourism is actively conducted in India, Singapore, Malaysia, Mexico, China, Brazil, Turkey, South Korea, Thailand, Taiwan, and other countries, with a particularly rapid increase in India [17] . In addition, there are reports that the spread of this kind of tourism in Egypt is activating the MRI market [15] . Interviews by Tilman et al. of 49,980 patients reported that 40% of these medical tourists considered having the world's most advanced technologies as a factor in medical consultation [18] . Since the medical tourism market is rapidly growing worldwide, updates to introduce the latest medical equipment or medical institutions participating in medical tourism introducing new equipment are easy to forecast. Since the future spread of medical tourism will be significantly influenced by the introduction of the newest CT and MRI equipment, it is necessary to research the current status of medical tourism worldwide. In order to describe the relevance between this research result and medical tourism, it is necessary to adopt the number of medical tourists in each country as independent variables and the profit obtained by medical tourism for analysis. Therefore, we think that it is necessary to investigate such contents.
Limitation
We think that it may not be possible to fully describe the factors affecting the introduction of expensive diagnostic imaging equipment with only the variables used in this study, as we understand that other factors such as economics, politics, medical system, medical technology, etc. are complicated. It is very difficult to explain to what degree the complexity affects the spread of expensive medical equipment such as CT and MRI. We think it is necessary to investigate not only the published OECD data but also more detailed data.
Conclusion
This study investigated the economic environment and economic situations of OECD member We think that the results of this research can be utilized for further development of the medical device industry and improvement of medical standards worldwide. In this study, we anticipated that the numbers of CTs and MRIs will increase due to an increase in the number of hospital beds. However, in some countries shown in this research, there is a possibility that the numbers of CTs and MRIs are not sufficiently developed. We think that it means potential demand. These results comprise the basic data for further dissemination of diagnostic imaging equipment for many countries and enterprises. 
Fig.2 Principal Component Analysis Results
Maturity of Economic Situation and Medical Environment increases as one moves to the right
and decreases the more one moves to the opposite direction. 
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